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PRESELECI'ED CASING TENSIONING SYSTEM 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates in general to oil and gas well 

drilling equipment, and in particular to an apparatus for 
tensioning a section of easing. 

2. Description of the Prior Art 
In oil and gas well drilling, the casing will be ce 

mented in the well. In some well installations, the opera 
tor will tension the casing above the level of cement, 
and support the casing in tension at the wellhead. For 
example in one type of offshore drilling, the level of 
cement around the casing will be located at or below 
the sea floor. The casing extends upward to a surface 
wellhead housing at the drilling or production platform. 
The surface wellhead will have pressure control equip 
ment. In very deep water, the extension of casing above 
the sea tloor could be a considerable distance. 
The section of the casing extending from the level of 

cement to the surface wellhead housing must be placed 
in tension. This is handled by pulling upward on the 
section with a drilling rig, then anchoring the casing in 
tension at the surface wellhead housing. Various de 
vices to maintain the casing in tension are available. 
Under the prior techniques, the amount of tension 

depends upon the amount of overpull applied by the 
drilling rig. An operator may have means for calculat 
ing in advance how much stretch that he wishes to 
place in the casing. However, it is difficult to precisely 
pull and maintain the calculated amount of stretch. 
Normally, the operator marks the pipe, then pulls it 
upward for the calculated amount. The operator then 
attempts to hang the casing in the wellhead housing at 
the desired point of stretch. 

SUMMARY OF THE INVENTION 

In this invention, an assembly is provided for prese 
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lecting an amount of tension to be applied to a string of 40 
casing and for supporting the casing in a surface well 
head housing at the desired level of tension. The assem 
bly includes a tubular mandrel which secures to the 
upper end of the string of casing. The mandrel is di 
vided into an upper portion and a lower portion. The 
upper portion, which may be considered a running tool, 
is removed after the casing is supported in the wellhead 
housing. The lower portion of the mandrel secures to 
the string of casing and remains in the surface wellhead. 
The upper portion of the mandrel has a set of grooves 

which are preferably threads. The lower portion of the 
mandrel has a set of grooves which are preferably wick 
ers. A load ring has interior grooves which frictionally 
slide on the threads of the upper portion of the mandrel 
and ratchet on the wickers on the lower portion of the 
mandrel to allow upward movement of the mandrel 
relative to load ring. Once the load ring engages the 
wickers, the mandrel can only move upward relative to 
the load ring, not downward. A retainer will latch the 
load ring in the surface wellhead housing on a load 
shoulder. 
The lower portion of the mandrel has an external stop 

shoulder. A positioning member secures to the exterior 
threads of the upper portion of the mandrel at selected 
positions. The load ring will be initially placed below 
and in contact with the positioning member. The posi 
tioning member locates the load ring in an initial posi 
tion prior to any tension being applied. This positioning 
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member predetermines the distance between the stop 
shoulder on the exterior of the mandrel and the load 
ring when the load ring initially latches into the well 
head housing. 

After the load ring latches in the wellhead housing, 
the operator pulls upward on the casing string, stretch 
ing the casing, until the mandrel stop shoulder bumps 
against the load ring. The operator then slacks off, with 
the load ring maintaining tension at that point. The 
upper running tool portion of the mandrel is then re 
moved. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1 is a partially schematic, sectional view illus 
trating a casing tensioning system constructed in accor 
dance with this invention, and showing the assembly 
prior to landing in the surface wellhead housing. 
FIG. 2 is a quarter sectional view of the system of 

FIG. 1, showing the load ring of the system landed in 
the surface wellhead housing and tension applied to the 
preselected amount. 
FIG. 3 is another quarter sectional view of the system 

of FIG. 1, showing the casing under tension, the run 
ning tool removed, and a casing hanger seal installed. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Referring to FIG. 1, the casing tensioning apparatus 
of this invention includes a tubular mandrel 11. Mandrel 
11 has a lower end that is internally threaded to secure 
to the upper end of a string of casing 13. Casing 13 will 
extend upward from a well and will have a portion 
which will be eventually placed in tension Mandrel 11 
has external grooves 15, which are preferably circum 
ferential wickers that are of relatively small pitch and 
triangular in con?guration. Wickers 15 are not helical 
threads, rather comprise parallel grooves. Wickers 15 
extend a substantial distance along the length of man 
drel 11, terminating a short distance below the upper 
end of mandrel 11. A stop shoulder 17 located on the 
exterior of mandrel 11 near the lower end. Stop shoul 
der 17 faces upward. The upper end of mandrel 11 is 
internally threaded for receiving a running tool 21. 
Running tool 21, which may be considered to be an 

upper portion of mandrel 11, is used during installation ' 
of casing 13, but is removed after installation, as shown 
in FIG. 3. Running tool 21 has a set of grooves, prefera 
bly helical threads 23 on its exterior. Threads 23 extend 
from near the upper end of running tool 21 to the point 
at which the lower exterior portion of running tool 21 
abuts the upper end of mandrel 11. A plurality of verti 
cally extending channels or ?owby slots 25 extend 
through the threads 23. Flowby slots 25’ are spaced 
circumferentially around running tool 21. 
Running tool 21 has an internally threaded upper end 

for receiving the lower end of a conduit 27, such as drill 
pipe, for applying an upward force to running tool 21. 
A positioning ring 29 secures to running too] threads 23. 
Positioning ring 29 is a solid ring having internal 
threads that allow it to be positioned at any selected 
point along the length of threads 23 by rotating posi 
tioning ring 29. A set screw (not shown) may be em 
ployed to lock positioning ring 29 in position once set. 
Positioning ring 29 is shown in the ?gures to be set at 
the uppermost point on external threads 23. The partic 
ular axial set position of positioning ring 29 will prede 
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termine a distance from stop shoulder 17 to positioning 
ring 29. 
A two-piece load ring 31 is carried on mandrel 11 and 

running tool 21 between stop shoulder 17 and position 
ing ring 29. Load ring 31 locates initially on threads 23 
of running tool 21, as shown in FIG. 1. After the casing 
13 has been tensioned, load ring 31 will locate on wick 
ers 15 of mandrel 11, as shown in FIGS. 2 and 3. 
Load ring 31 has an outer ring 33 that is a solid annu 

lar member. Load ring 31 has an inner ring 35 that is 
split and is carried in outer ring 33. Inner ring 35 has 
internal wickers 37 that are of the same pitch and con 
?guration as external wickers 15 to mate with the exter 
nal wickers 15. Load ring wickers 37 do not mesh with 
running tool threads 23, however, split inner ring 35 has 
a collapsed inner diameter that is slightly less than the 
outer diameter of running tool 21 so that inner ring 35 
will frictionally grip running too] 21 and not fall freely 
downward onto mandrel 11. 

Inner ring 35 has external conical surfaces 39 that 
mate with internal conical surfaces in outer ring 33 to 
enable inner ring 35 to ratchet in and out over the man 
drel wickers 15. The conical surfaces 39 face downward 
and outward so that mandrel 11 can be pulled upward 
relative to load ring 31, but cannot move downward. 
The engagement of wickers 15 and 37 prevents down 
ward movement of mandrel 11 relative to load ring 31. 
Outer ring 33 has an external downward facing shoul 

der 41. Outer ring 33 has a retaining ring 43 located 
below landing shoulder 41. Retaining ring 43 is prefera: 
bly a D-shaped ring that is elastomeric and is located in 
a ramp-shaped groove as shown in U.S. Pat. No. 
4,978,147. 
Mandrel 11 and running too] 21 will locate within a 

wellhead housing 45, which may be located at a drilling 
platform. Wellhead housing 45 has an axial bore 47 with 
an upward facing load shoulder 49. Wellhead housing 
45 is conventional except for the addition of a latching 
groove 51, which is positioned below load shoulder 49 
for receiving retaining ring 43. Once retaining ring 43 
latches into groove 51, load ring 31 will be held station 
arily within wellhead housing 45. 

In operation, the operator will calculate the amount 
of stretch that he wishes to place in the unsupported 
portion of casing 13 below wellhead housing 45. In this 
embodiment, the unsupported portion begins at the 
upper level of cement and extends to the wellhead hous 
ing 45. The operator will then secure positioning ring 29 
at a particular point along external threads 23 to prede 
termine the distance between stop shoulder 17 and land 
ing shoulder 41 of load ring 31. Load ring 31 will be 
positioned on running tool 21 with its upper end in 
contact with the lower end of positioning ring 29. The 
initial distance from the lower end of load ring 31 to 
stop shoulder 17 will equal the desired amount of 
stretch. The bias of split inner ring 35 will frictionally 
hold load ring 31 in place until retaining ring 43 latches 
in groove 51. 
The operator lowers the string of casing 13 into the 

well FIG. 1 shows the running tool 21 passing into 
wellhead housing 45 with landing shoulder 41 shown a 
short distance above load shoulder 49. When landing 
shoulder 41 contacts load shoulder 49, the operator will 
not be able to lower the casing 13 any further. Retaining 
ring 43 will enter groove 51, latching the load ring 31 to 
Wellhead housing 45. The weight on the drilling rig 
blocks will drop off, with the weight of the string of 
casing 13 now being supported by positioning ring 29, 

4 
load ring 31 and load shoulder 49. Once load ring 31 is 
retained in wellhead housing 45, the distance from the 
lower end of outer ring 33 to stop shoulder 17 will be 
the amount of desired stretch to be pulled. 
The operator will then cement the portion of casing 

13 that is located in the well. Cement is pumped down 
the casing 13, returning up the annulus. A riser conduit 
will surround casing 13, enabling cement returns, which 
comprise displaced well ?uids, to return to the drilling 
vessel The cement returns will ?ow through the ?owby 
slots 25 into the drilling vessel. The cement level at the 
conclusion of cementing will be no higher than the sea 
floor. The hardened cement secures the casing 13 in the 
well. 

After the cement has set, the operator will then apply 
tension to the portion of casing 13 located above the 

' upper level of the cement. The operator pulls on con 
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duit 27 with the drilling rig blocks, causing running tool 
21 to move upward. Retaining ring 43 prevents load 
ring 31 from moving upward. As running tool 21 moves 
upwardv relative to load ring 31, the inner ring 35 will 
slide frictionally on the running tool threads 23. If the 
operator stopped upward pull while running tool 21 
was still in load ring 31, load ring 31 would not support 
any load on running too] 21, rather it would move 
downward relative to load ring 31. Load ring 31 will 
support load only when wickers 15 enter load ring 31. 

Eventually, the mandrel 11 will enter the inner ring 
35. At this time, wickers 37 of inner ring 35 will ratchet 
on wickers 15. The inner ring 35 will slide radially 
inward and outward on conical surfaces 39 during this 
ratcheting movement. The operator continues pulling 
until stop shoulder 17 contacts the lower end of outer 
ring 33. When latched, retaining ring 43 requires a great 
deal of overpull in order to be pulled loose from groove 
51, thus providing an indication to the operator that 
stop shoulder 17 has contacted load ring 31. This signals 
the operator to cease upward pulling, as the operator 
will not wish to pull retaining ring 43 from groove 51. 
The operator slacks off tension in the drilling rig 

blocks. The inner ring 35 prevents mandrel from mov 
ing downward. The tension in mandrel 11 is maintained 
through a load path through inner ring 35, outer ring 33 
and load shoulder 49. This is the position shown in FIG. 
2. 
The operator then unscrews running tool 21, remov 

ing it along with the positioning ring 29. Casing 13 will 
have stretched an amount equal to the initial distance 
from the'stop shoulder 17 to the outer ring 33 of load 
ring 31. The operator then installs a conventional seal 
53 between mandrel 11 and wellhead housing 45. Seal 
53 engages and seals against wickers 15. Seal 53 may be 
of a type as shown in US. Pat. No. 4,932,472. 

If the operator later wishes to remove the casing 
tensioning system to retrieve casing 13, he may do so by 
first retrieving seal 53. Then, by applying an extensive 
overpull, the operator can pull retaining ring 43 from 
groove 51 to remove load ring 31. 
The invention has significant advantages. The system 

maintains tension in the casing between the subsea well 
head and the wellhead housing. The system provides a 
precise amount of stretch that is calculated before ap 
plying the tension. 
While the invention has been shown in only one of its 

forms, it should be apparent to those skilled in the art 
that it is not so limited but is susceptible to various 
changes without departing from the scope of the inven 
tion. 
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I claim: 
1. In a well assembly having a string of easing which 

secures in a well and extends upward to a wellhead 
housing which has an internal load shoulder, an appara 
tus for maintaining tension in the string of casing, com 
prising in combination: 

a tubular mandrel having means for securing to the 
upper end of the string of easing, the mandrel hav 
ing a lower portion and an upper portion, the lower 
portion having a set of exterior grooves; 

a load ring having ratchet means including a set of 
interior grooves which engage the exterior grooves 
for allowing upward movement of the mandrel 
relative to the load ring but preventing downward 
movement of the mandrel relative to the load ring 
when the load ring is in engagement with the exte 
rior grooves; 

retaining means for retaining the load ring in the 
wellhead housing on the internal load shoulder for 
allowing the mandrel to be pulled upward relative 
to the load ring; 

an external stop shoulder on the lower portion of the 
mandrel; and 

positioning means for mounting on the upper portion 
of the mandrel at selected locations above the stop 
shoulder for initially providing a preselected dis 
tance between the stop shoulder and the load ring 
after the load ring is retained in the wellhead hous 
ing and the string of casing secured in the well, but 
prior to applying tension to the string of casing, so 
that subsequently pulling the mandrel upward will 
stretch the string of casing until the stop shoulder 
contacts the load ring, the amount of stretch being 
equal to the preselected distance, the load ring 
subsequently supporting the string of casing in 
tension on the load shoulder. 

2. The assembly according to claim wherein the posi 
tioning means comprises a positioning member which is 
securable to the upper portion of the mandrel at vari 
able distances from the stop shoulder, the upper end of 
the load ring engaging the positioning member after the 
load ring is retained in the housing and prior to pulling 
the mandrel upward. 

3. The assembly according to claim 1 wherein the 
positioning means comprises: 

a set of exterior threads on the upper portion of the 
mandrel; and 

a positioning ring having internal threads that engage 
the exterior threads on the upper portion of the, 
mandrel to allow the positioning ring to be posi 
tioned at a selected distance from the stop shoul 
der, the upper end of the load ring engaging the 
positioning ring after the load ring is retained in the 
housing and prior to pulling the mandrel upward. 

4. The assembly according to claim 1 wherein the 
upper portion of the mandrel is secured by threads to 
the lower portion of the mandrel, allowing the upper 
portion of the mandrel to be removed after the selected 
amount of tension has been pulled and the tension trans 
ferred to the load ring and load shoulder. 

5. The assembly according to claim 1 wherein the 
upper portion of the mandrel has exterior vertical 
?owby slots to enable cement returns to ?ow past. 

6. The assembly according to claim 1 wherein the 
retaining means comprises: 

a recess formed in the wellhead housing adjacent the 
load shoulder; and 
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6 
a retaining ring which enters the recess when the load 

ring moves downward into the wellhead housing. 
7. In a well assembly having a string of easing which 

secures in and extends upward from a well to a well 
head housing, the wellhead housing having an internal 
load shoulder, an apparatus for maintaining tension in 
the string of easing, comprising in combination: 

a tubular mandrel having means for securing to the 
upper end of the string of easing, the mandrel hav 
ing a lower portion and an upper portion, the upper 
portion having a set of exterior threads, the lower 
portion having a set of exterior grooves; 

a load ring having a set of interior grooves which 
, ratchet on the exterior grooves of the lower por 

tion to allow upward movement of the mandrel 
relative to the load ring but prevent downward 
movement of the mandrel relative to the load ring; 

retaining means for retaining the load ring in the 
wellhead housing on the load shoulder for allowing 
the mandrel to be pulled upward relative to the 
load ring; 

an external stop shoulder on the lower portion of the 
mandrel; and 

a positioning ring having internal threads which se 
cure to the exterior threads at a preselected vari 
able distance above the stop shoulder, so that pull 
ing the mandrel upward after the string of easing 
has been secured in the well and the load ring re 
tained into the wellhead housing will stretch the 
string of casing until the stop shoulder contacts the 
load ring. 

8. The assembly according to claim 7 wherein the 
load ring is initially positioned in contact with the'posi 
tioning ring and held by frictional engagement of the 
load ring with the exterior threads when the string of 
casing is being lowered into the well. 

9. The assembly according to claim 7 wherein the 
exterior grooves comprise parallel circumferential 
wickers. 

10. The assembly according to claim 7 wherein the 
upper portion of the mandrel is releasably secured to 
the lower portion of the mandrel, allowing the upper 
portion of the mandrel to be removed from the well 
head housing after the selected amount of tension has 
been pulled and the tension transferred to the load ring 
and load shoulder. 

11. The assembly according to claim 7 wherein the 
upper portion of the mandrel has exterior vertical 
flowby slots to enable cement returns to ?ow past. 

12. The assembly according to claim 7 wherein the 
retaining means comprises: 

a recess formed in the wellhead housing adjacent the 
load shoulder; and 

a retaining ring which enters the recess when the load 
ring moves downward into the wellhead housing. 

13. In a well assembly having a string of casing which 
secures in and extends upward from a well to a well 
head housing, the. wellhead housing having an internal 
load shoulder, an apparatus for maintaining tension in 
the string of easing, comprising in combination: 

a tubular mandrel having means for securing to the 
upper end of the string of casing, the mandrel hav-' 
ing a lower portion and an upper portion, a set of 
exterior grooves on the lower portion and a set of 
exterior threads on the upper portion; 

a load ring having an inner member containing a set 
of interior grooves and an outer member having a 
downward facing shoulder, the inner member 
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being radially retractable relative to the outer 
member to allow the inner member to ratchet on 
the exterior grooves, to allow upward movement 
of the mandrel relative to the load ring but prevent 
downward movement of the mandrel relative to 
the load ring, the load ring being initially posi 
tioned on the upper portion of the mandrel with the 
interior grooves frictionally engaging but not 
meshing with the exterior threads; 

a recess formed in the wellhead housing adjacent the 
load shoulder; 

a retaining ring mounted to the outer member of the 
load ring and which enters the recess when the 
load ring moves downward into the wellhead 
housing, placing the shoulder of the load ring in 
engagement with the load shoulder; 

an external stop shoulder on the lower portion of the 
mandrel; 

an internally threaded positioning ring secured on the 
threads of the upper portion of the mandrel a prese 
lected distance above the stop shoulder, the load 
ring being initially positioned with an upper end in 
contact with the positioning ring when the string of 
casing is being lowered into the well, so that pull 
ing the mandrel upward after the string of casing 
has been secured in the well and the load ring re 
tained in the wellhead housing will cause the exte 
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grooves, and securing the mandrel to the upper end 
of the string of casing; 

providing an external stop shoulder on the lower 
portion of the mandrel; 

providing a load ring having ratchet means including 
a set of interior grooves which will ratchet on the 
exterior grooves and placing the load ring on the 
mandrel; 

securing a positioning member to the exterior of the 
upper portion of the mandrel a selected variable 
distance above the stop shoulder; 

lowering the mandrel and the string of casing and 
landing the load ring on the load shoulder with the 
positioning member in contact with the load ring; 

retaining the load ring on the load shoulder against 
upward movement relative to the wellhead hous 
ing an securing the string of casing in the well; then 

pulling the mandrel and string of casing upward 
while retaining a lower portion of the string of 
casing secured in the well, thereby stretching the 
string of casing and causing the grooves of the load 
ring to ratchet on the exterior grooves until the 
stop shoulder contacts the load ring; then 

ceasing to pull upward on the mandrel and transfer 
ring tension on the mandrel to the load ring and 
load shoulder. 

16. The method according to claim 15 wherein the 

14. The assembly according to claim 13 wherein the 
upper portion of the mandrel has exterior vertical 
?owby slots to enable cement returns to ?ow past the 
load ring and positioning ring. 

15. A method of applying and maintaining tension in 
a string of easing extending upward from a well to a 45 
wellhead housing, the wellhead housing having an in 
ternal load shoulder, the method comprising: 

providing a tubular mandrel with an upper portion 

rior threads to frictionally slide upward relative to 
the load ring, then cause the load ring to ratchet on 
the exterior grooves until the stop shoulder 30 
contacts the load ring, allowing the operator to 
then slack off on the upward pull on the mandrel, 
causing the load ring to support the string of casing 
in tension on the load shoulder; and 

the upper portion being secured by threads to the 35 
lower portion so as to be removable along with the 
positioning ring from the lower portion after the 
load ring supports the string of easing on the load 
shoulder. 
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and a lower portion which has a set of exterior 
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step of placing the load ring on the mandrel comprises 
placing the load ring on the upper portion of the man 
drel with an upper end of the load ring in contact with 
the positioning member. 

17. The method according to claim 16 wherein the 
step of securing the positioning member to the upper 
portion of the mandrel comprises: 

providing a set of threads on the upper portion of the 
mandrel; an 

securing the positioning member to the threads. 
18. The method according to claim 16 further com 

prising: 
removing the upper portion of the mandrel from the 
lower portion of the mandrel after the load ring 
supports the tension 0 the load shoulder. 

19. The method according to claim 16 wherein the 
step of securing the string of casing in the well com 
prises: 

cementing the string of casing in the well after retain 
ing the load ring on the load shoulder and before 
pulling the mandrel upward. 
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